The Riemann walk is the lattice version of the Le vy flight. For the one-dimensional Riemann walk of Le vy exponent 0<:<2 we study the statistics of the support, i.e., set of visited sites, after t steps. We consider a wide class of support related observables M(t), including the number S(t) of visited sites and the number I(t) of sequences of adjacent visited sites. For t Ä we obtain the asymptotic power laws for the averages, variances, and correlations of these observables. Logarithmic correction factors appear for := :<2. This means that in the limit t Ä the deviations from average 2M(t)#M(t)&M(t) are fully described either by a single M independent stochastic process (when 2 3 <: 1) or by two such processes, one for the bulk and one for the surface observables (when 1<:<2).
INTRODUCTION
The Le vy flight is a random walk in continuous space whose step size distribution has a power law tail and is therefore sometimes called a``Le vy (1) distribution.'' The ubiquity of such distributions has been emphasized by many authors, and is a consequence of the power law tail being invariant under convolution. Many interesting instances of the occurrence of Le vy distributions are given by Tsallis (2) and Tsallis et al.
(3) These range from applications in physics (superdiffusion, chaotic fluid flow) and engineering (leaking taps) through studies of the physiology of heart activity, all the way to descriptions (4) of fluctuations of financial markets. A one-dimensional lattice version of the Le vy flight may be constructed as follows. Let a random walk consist of independent steps, and let the probability p(l) for a displacement of l lattice units in a single step be given by p(0)=0 and
Here :>0 is the Le vy exponent. Normalization of p implies that A &1 = 2`(1+:) where`is the Riemann zeta function. This random walk was first studied by Gillis and Weiss (5) in 1970. It is called the Riemann walk by Hughes (ref. 6, p. 154) and we will conform to that terminology. More generally we call of Riemann type any one-dimensional lattice walk whose p(l) is asymptotically proportional to |l| &1&: when |l| Ä . Riemann type walks were reviewed in detail by Hughes.
(6) Of particular interest is the exponent regime 0<: 2, where these walks have a mean square displacement per step, ( l 2 ), which is infinite. There then exists, at least for certain global walk features, a correspondence between simple random walk on a d-dimensional lattice and one-dimensional Riemann type walks of exponent :=2Âd. In some ways the fraction 2Â: acts as the walk's effective dimensionality. But whereas analytical results for noninteger dimension d cannot be checked by computer simulations, the full continuum of : values is accessible to Monte Carlo studies.
Much interest has centered around the following question. Let there be a t step Riemann walk. Then what are the statistical properties of its support S(t), i.e., of the set of sites that the walk has visited? There appears immediately an important difference between the exponent regimes 0<:<1 and 1<:<2. In the former regime the Riemann walk is transient (6, 7) and it is easy to show (see Section 2.5) that S( ) is a set of fractal dimension d S =:. In the latter case the Riemann walk is recurrent, (6, 7) S( ) coincides with the full one-dimensional lattice, and d S =1. The existing literature deals with the different question of finding the properties of S(t) for asymptotically large t; the results reflect, nevertheless, the same distinction between 0<:<1 and 1<:<2. The borderline case :=1 is more subtle.
Gillis and Weiss (5) study the number S(t) of distinct sites in the support. They find, among other results, that for t Ä the average of this random variable behaves (5) as S(t)tt for 0<:<1 and as S(t)tt 1Â: for 1<:<2, where t indicates asymptotic proportionality. For :=1 and :=2 power
